Introduction
============

Gastric cancer (GC) is the most common malignant tumor of the digestive system and its incidence and mortality rank forth and second, respectively, among common malignancies worldwide ([@b1-etm-0-0-3327]). GC has the highest incidence and mortality rates among digestive tract malignant tumors in China ([@b2-etm-0-0-3327]--[@b5-etm-0-0-3327]). The incidence of GC varies greatly between regions due to variations in population susceptibility and exposure to GC risk factors ([@b6-etm-0-0-3327]). The risk factors for GC include *Helicobacter pylori* infection ([@b7-etm-0-0-3327]), poor living habits (including smoking, alcohol consumption and excessive consumption of smoked, salted and pickled foods) ([@b8-etm-0-0-3327],[@b9-etm-0-0-3327]), chronic atrophic gastritis and gastric ulcers ([@b9-etm-0-0-3327],[@b10-etm-0-0-3327]--[@b17-etm-0-0-3327]). GC includes various pathological types, among which gastric adenocarcinoma accounts for 90% of total cases ([@b18-etm-0-0-3327]). Gastric adenocarcinoma was therefore investigated in the present study. Due to the characteristics of occult onset, high degree of malignancy, rapid development and susceptibility to metastasis, the early diagnosis rates for GC are \<10% and the prognosis of advanced GC is poor ([@b19-etm-0-0-3327]). Although progress has been made in the diagnosis and treatment of GC, surgical resection remains the most effective therapeutic strategy to cure GC at present ([@b20-etm-0-0-3327]). Numerous factors, stages and genes are involved in the occurrence, development and metastasis of GC ([@b21-etm-0-0-3327],[@b22-etm-0-0-3327]); therefore, investigation of the gene mutations and alterations in factors that underlie this process will help determine the biological behavior of GC and evaluate the prognosis of patients with GC. It is important to screen effective biomarkers for early diagnosis, treatment and prognostic evaluation of GC.

Tumor necrosis factor-α (TNF-α)-induced proteins (TNFAIP) are involved in numerous biological processes via their ability to activate nuclear factor-κB ([@b23-etm-0-0-3327],[@b24-etm-0-0-3327]). TNFAIP8 belongs to the TNFAIP family that also includes TNFAIP8 ligands 1, 2 and 3 ([@b25-etm-0-0-3327]). TNFAIP8 contains a death domain ([@b25-etm-0-0-3327]) and has a role in the regulation of processes including cell proliferation, inflammation and apoptosis ([@b26-etm-0-0-3327],[@b27-etm-0-0-3327]). Previous studies demonstrated that the expression of TNFAIP8 in numerous human solid tumors is correlated with tumor occurrence, development, invasion, metastasis and prognosis ([@b28-etm-0-0-3327]--[@b36-etm-0-0-3327]). Overexpression of TNFAIP8 in tumor cells can enhance cell proliferation and promote tumor growth, and the cancerous characteristics of the tumor cells are significantly reduced following TNFAIP8 gene knocked out ([@b28-etm-0-0-3327],[@b37-etm-0-0-3327]). To the best of our knowledge, there has yet to have been any investigation into the association between TNFAIP8 expression and the clinical pathological features of gastric adenocarcinoma, and the association between TNFAIP8 expression and gastric adenocarcinoma prognosis has yet to be fully elucidated.

In the present study, TNFAIP8 expression was detected in metastatic lymph node tissue samples and normal tissue adjacent to cancerous gastric cancer tissues, and the association between TNFAIP8 expression, clinical pathological features and gastric adenocarcinoma prognosis was assessed.

Materials and methods
=====================

### Tissue specimens

Paraffin embedded tissue specimens were provided by the Department of Pathology of the Affiliated Hospital of Shandong Provincial Academy of Medical Sciences (Jinan, China). Tissue specimens were collected from 106 patients with gastric adenocarcinoma who were hospitalized between August 2008 and July 2013 at the Affiliated Hospital of Shandong Provincial Academy of Medical Sciences following surgical treatment. *In situ* gastric adenocarcinoma tissue samples and normal tissue samples adjacent to the tumor (\>5 cm from cancer tissue margin; control) were collected from 106 patients with gastric adenocarcinoma. Among these 106 patients, 60 cases were also diagnosed with pathological lymph node metastasis, and tissue samples from the metastatic lymph nodes were also collected from these patients. Of the 106 patients, 70 were male and 36 were female, with ages of 26--83 years (mean age, 62 years). Study participants fulfilled the inclusion criteria of patients with gastric adenocarcinoma who had not received radiotherapy or chemotherapy prior to surgery. All cases of gastric adenocarcinoma were confirmed by pathological diagnosis ([@b38-etm-0-0-3327]), and their clinical data and follow-up data were complete. Patients were followed-up by telephone or via correspondence. The follow-up period ended in August 2013, and the median follow-up period was 21 months (3--58 months). Patients who succumbed to other diseases or did attend the follow-up were excluded from the study. Clinical and pathological indexes included histological grade ([@b38-etm-0-0-3327]), TNM stage, tumor size, lymph vessel invasion, depth of tumor invasion, lymph node metastasis, carbohydrate antigen 72--4 (CA72-4) levels and the survival time of the patients. CA72-4 levels were measured using an Roche 2010 automatic electrochemiluminescence immunoassay analyzer (Roche Diagnostics, Basel, Switzerland). The survival time was calculated from the date of the surgical procedure to the last follow-up date or until to the patient succumbed to the disease due to recurrence or metastasis. Detailed clinical information is listed in [Table I](#tI-etm-0-0-3327){ref-type="table"}. TNM stage was classified according to the 2010 edition of the AJCC Cancer Staging Manual ([@b39-etm-0-0-3327]). The patients did not receive any systemic radiotherapy or chemotherapy prior to surgical intervention. Written and informed consent was obtained from the patients. The study protocol was approved by the Ethics Committee of Qilu Hospital, Shandong University (Jinan, China).

### Immunohistochemical staining

Immunohistochemical ultra sensitive 2-Step plus Poly-horseradish peroxidase Anti-Mouse/Rabbit IgG Detection System kit (PV-9000) with 3,3′-diamino-benzidine (DAB) was purchased from Beijing Zhongshan Jinqiao Biological Technology Co., Ltd., (Beijing, China). Immunohistochemical staining was performed according to the manufacturer\'s protocol. Briefly, the tissue specimens (1--2 cm) were fixed with 4% paraformaldehyde (Sigma-Aldrich, St. Louis, MO, USA) and embedded in paraffin (Shanghai Huayong Shila Ltd., Shanghai, China). The paraffin-embedded tissue samples were cut into 4-µm-thick sections using a Leica RM2126 microtome (Leica Microsystems GmbH, Wetzlar, Germany). The tissue sections were deparaffinized and rehydrated in xylene (Sigma-Aldrich) and a graded alcohol series. Antigen retrieval was achieved by incubation with boiled citric acid buffer (10 mM citric acid and 0.05% Tween 20; pH 6) for 15 min and endogenous peroxidase was blocked with 3% hydrogen peroxide in methanol (Shenzhou Huamei Science and Technology Co., Ltd., Beijing, China) for 30 min at room temperature. Non-specific binding was blocked by incubation with goat serum (12168A03; Zhongshan Golden Bridge Biological Technology Inc., Beijing, China). Primary rabbit anti-human TNFAIP8 monoclonal antibody (1:100; ab64988; Abcam, Cambridge, MA, USA) was added to the tissue sections and incubated at 37°C for 1 h. Phosphate-buffered saline (PBS) was used instead of the primary antibody as a blank control. Tissue sections were subsequently incubated with biotin-labeled goat anti-rabbit secondary antibodies (1:200) for 30 min at room temperature following washing with PBS. Horseradish peroxidase-labeled streptavidin was added and incubated for 30 min at 37°C. Immunoreactivity was visualized using DAB at room temperature at 1 h and terminated with distilled water until brown-colored particles appeared in the cytoplasm and non-specific coloration was detected in the surrounding tissue. Tissue sections were subsequently counterstained with hematoxylin, differentiated with hydrochloric acid ethanol, dehydrated with gradient alcohol and xylene, and mounted with neutral gum (all Sigma-Aldrich). Sections were observed under an Olympus BX51 optical microscope (Olympus Corporation, Tokyo, Japan).

### Determination of immunohistochemical staining results

Each sample was observed in five high magnification fields (magnification, ×400) and the cells exhibiting yellow-colored particles in the cytoplasm were considered to be positive for TNFAIP8 protein expression. The staining intensity was observed and the percentage of positive cells was calculated. Based on the staining intensity, the immunohistochemical staining results were scored as follows: Score 0, no positive staining (−); score 1, pale yellow staining (+); score 2, yellow staining (++); and score 3, dark brown staining (+++). Based on the percentage of positive staining, the immunohistochemical staining results were scored as follows: Score 0, 0% positive staining; score 1, 1--25% positive staining; score 2, 26--50% positive staining; and score 3, 51--100% positive staining. The degree of staining was calculated by two independent pathologists by combining the percentage of positive staining and the intensity of staining. A third pathologist was consulted until a consensus was reached if discrepancies occurred. Scores ≤2 were considered to indicate low TNFAIP8 expression, and scores \>2 were considered to indicate high TNFAIP8 expression. All tissue sections were carefully examined twice in order to ensure the reproducibility of the results.

### Statistical analysis

All statistical analyses were performed using SPSS software (version 19.0; SPSS, Inc, Chicago, IL, USA). χ^2^ tests were performed to analyze the association between TNFAIP8 expression and clinical pathological data. The Kaplan-Meier method ([@b40-etm-0-0-3327]) was performed to analyze survival rates, and a Log-rank test was conducted in order to compare the difference between survival rates. Single-factorial survival analysis and COX proportional-hazard regression model analysis were subsequently performed to analyze the independent prognostic factor and multi-factors for survival, respectively. Data were presented as the mean ± standard deviation. P\<0.05 was considered to indicate a statistically significant result.

Results
=======

### Expression of TNFAIP8 in gastric adenocarcinoma tissue samples, normal adjacent tissue samples and lymph node metastatic tissue samples

In order to investigate the expression of TNFAIP8 in the gastric adenocarcinoma and adjacent normal tissue samples of 106 patients, as well as the expression of TNFAIP8 in the metastatic lymph nodes of 60 of these patients, immunohistochemical analysis was performed. Light yellow or brown-colored granules were present in the cytoplasm of gastric adenocarcinoma cells, but not in the interstitial tissue ([Fig. 1A](#f1-etm-0-0-3327){ref-type="fig"}). In addition, brown-colored granules were present in the metastatic lymph nodes, indicating high TNFAIP8 expression ([Fig. 1B](#f1-etm-0-0-3327){ref-type="fig"}). No or weak TNFAIP8 expression was detected in the adjacent normal gastric mucosa ([Fig. 1C](#f1-etm-0-0-3327){ref-type="fig"}). A total of 47.2% (50/106) of the *in situ* gastric adenocarcinoma tumor cases presented with high TNFAIP8 expression, as compared with 81.7% (49/60) in the metastatic lymph node tissue cases. Among the 60 patients with lymph node metastasis, the number of cases with high TNFAIP8 expression in the gastric adenocarcinoma *in situ* tumor tissue samples accounted for 60% (36/60), and the number of cases with high TNFAIP8 expression in the metastatic lymph nodes accounted for 80.6% (49/60). These results were statistically significant (P\<0.05; [Fig. 2A](#f2-etm-0-0-3327){ref-type="fig"}). Of the 46 cases of gastric adenocarcinoma without lymph node metastasis, only 14 cases exhibited high TNFAIP8 expression in the *in situ* gastric adenocarcinoma tumor tissue samples. This indicated that the number of patients with high TNFAIP8 expression in the *in situ* gastric adenocarcinoma tissue samples was significantly higher in patients with lymph node metastasis (60%, 36/60), as compared with patients without lymph node metastasis (30.4%, 14/46; P\<0.05; [Fig. 2B](#f2-etm-0-0-3327){ref-type="fig"}). These results suggest that TNFAIP8 expression is closely correlated with lymph node metastasis in gastric adenocarcinoma.

### Correlation between TNFAIP8 expression and clinical and pathological characteristics

The correlation between TNFAIP8 expression and clinical and pathological characteristics of the gastric cancer patients were analyzed. The 106 patients were grouped according to age, gender, tumor size, lymph node metastasis and vascular invasion ([Table I](#tI-etm-0-0-3327){ref-type="table"}). In the patients with high TNFAIP8 expression in the gastric adenocarcinoma tissue samples, 78% (39/50) exhibited vascular invasion, 72% (36/50) had lymph node metastasis, 76% (38/50) had TNM stage IV tumors and 90% (45/50) had T3 or T4 tumors. These results indicated that TNFAIP8 expression was correlated with progression and metastasis-associated factors such as TNM staging (P\<0.001), tumor grade (P=0.001), vascular invasion (P=0.002) and lymph node metastasis (P=0.003). In addition, TNFAIP8 expression in patients with gastric adenocarcinoma was associated with high serum CA72-4 levels (P\<0.001). However, TNFAIP8 expression had no significant correlation with age, gender, histological grading or tumor area. These results suggest that TNFAIP8 expression is closely correlated with local invasion and metastasis of gastric adenocarcinoma.

### Association between TNFAIP8 expression and the prognosis of patients with gastric adenocarcinoma

To reveal the association between TNFAIP8 expression and the prognosis of the patients, the survival data of 98/106 patients with gastric adenocarcinoma with a follow-up period of 3--58 months were obtained. The postoperative survival rates of the patients with gastric adenocarcinoma and high or low TNFAIP8 expression were compared. The median survival time of patients with high TNFAIP8 expression (mean, 16 months) was shorter compared with patients with low TNFAIP8 expression (mean, 21 months). A Log-rank test demonstrated that the overall survival rates of the two groups were significantly different ([Fig. 3](#f3-etm-0-0-3327){ref-type="fig"}; P=0.002). Single-factorial survival analysis demonstrated that, in addition to the expression levels of TNFAIP8, lymph node metastasis (P=0.003), CA72-4 levels (P\<0.001), TNM staging (P\<0.001) and tumor classification (P\<0.001) were important prognostic factors ([Table II](#tII-etm-0-0-3327){ref-type="table"}). The prognostic factors of gastric adenocarcinoma such as TNFAIP8 expression levels, lymph node metastasis, CA72-4 levels and TNM staging were included in the COX multivariate analysis. In addition, factors of age and gender were included as covariates in the model. The results of multivariate the COX proportional hazard model analysis demonstrated that with the exception of TNM staging, TNFAIP8 expression levels were the only independent prognostic marker for gastric adenocarcinoma survival (relative risk, 1.736; P=0.029; [Table III](#tIII-etm-0-0-3327){ref-type="table"}). These results indicate that TNFAIP8 is an independent prognostic factor for gastric adenocarcinoma.

Discussion
==========

TNFAIP8 (also called SCC-S2/GG2-1/MDC3.13) was first identified by Patel *et al* ([@b23-etm-0-0-3327]) in 1997 in a human head and neck squamous cell carcinoma cell line. It is the first member of the TNFAIP8 family ([@b23-etm-0-0-3327]). TNFAIP8 has important roles in promoting cell proliferation and inhibiting apoptosis ([@b28-etm-0-0-3327],[@b37-etm-0-0-3327]). Overexpression of TNFAIP8 can promote DNA synthesis, cell proliferation and inhibit the activities of apoptosis enzymes of caspase 8 and caspase 3 ([@b41-etm-0-0-3327]). High expression levels of TNFAIP8 have been reported in tumor cells and decreasing the expression of TNFAIP8 can reduce the tumorigenicity of tumor cells ([@b42-etm-0-0-3327]). Therefore, TNFAIP8 has an important role in cell survival and malignant growth-associated signaling pathways. Numerous recent studies demonstrated that TNFAIP8 was closely associated with the occurrence and development of several types of tumor, including renal cell carcinoma ([@b28-etm-0-0-3327]), colon cancer ([@b29-etm-0-0-3327]), prostate cancer ([@b30-etm-0-0-3327]), esophageal squamous cell carcinoma ([@b31-etm-0-0-3327]), cervical cancer ([@b32-etm-0-0-3327]), non-small cell lung cancer ([@b33-etm-0-0-3327]), breast cancer ([@b28-etm-0-0-3327]), pancreatic cancer ([@b34-etm-0-0-3327]), epithelial ovarian carcinoma ([@b35-etm-0-0-3327]) and endometrial carcinoma ([@b36-etm-0-0-3327]).

In the present study, TNFAIP8 expression in gastric adenocarcinoma, surrounding normal tissues and lymph node metastatic tissues were detected by immunohistochemistry. In addition, the correlation between TNFAIP8 expression and clinicopathological factors (including CA72-4) and prognosis were analyzed. The results of the present investigation demonstrated that the rates of high TNFAIP8 expression in metastatic lymph nodes was increased compared with *in situ* tumor tissue samples, and this result was concordant with a previous study ([@b43-etm-0-0-3327]). The rates of high TNFAIP8 expression in the *in situ* tumor tissue samples in patients with lymph node metastasis were significantly higher compared with the *in situ* tissue samples of patients without metastasis. Further analysis demonstrated that TNFAIP8 expression was associated with TNM stage, tumor grade, vascular invasion and lymph node metastasis. These results indicated that TNFAIP8 expression was correlated with the progression and metastasis of gastric adenocarcinoma, suggesting that it may have an important role in tumor invasion and metastasis. In addition, the data suggested that TNFAIP8 expression was correlated with serum CA72-4 levels. Previous studies have demonstrated that the serum levels of CA72-4 can be used for early diagnosis and prognosis evaluation of gastric adenocarcinoma ([@b44-etm-0-0-3327]--[@b47-etm-0-0-3327]). Therefore, we suggest that the combined detection of TNFAIP8 and CA72-4 in serum will be helpful for the accurate prediction of the prognosis of patients with gastric adenocarcinoma. Further studies are required in order to test this hypothesis.

Studies have shown that TNFAIP8 expression is negatively correlated with prognosis in numerous types of tumors, including prostate cancer ([@b30-etm-0-0-3327]), esophageal squamous cell carcinoma ([@b31-etm-0-0-3327]), cervical cancer ([@b32-etm-0-0-3327]), non-small cell lung cancer ([@b33-etm-0-0-3327]) and epithelial ovarian cancer ([@b35-etm-0-0-3327]). In the current study, the survival results demonstrated that the median survival time of gastric adenocarcinoma patients with high TNFAIP8 expression patients was shorter than patients with low TNFAIP8 expression, and the overall survival rate of TNFAIP8-positive patients was relatively low. Through single-factorial survival analysis, the results indicated that in addition to TNFAIP8 expression, lymph node metastasis, TNM stage and the levels of serum CA72-4 all had important prognostic value. However, age, gender, histological differentiation and tumor size had no significant prognostic value. Survival and subsequent multivariate analysis demonstrated that TNFAIP8 expression levels were an independent prognostic factor of patients with gastric adenocarcinoma, indicating that TNFAIP8 may be used as a novel prognostic factor for gastric adenocarcinoma.

In summary, the results of the present study demonstrated that high expression levels of TNFAIP8 in gastric adenocarcinoma were associated with gastric adenocarcinoma progression and metastasis. The expression of TNFAIP8 was an independent prognostic indicator in gastric adenocarcinoma. In addition, high expression levels of TNFAIP8 indicated high metastasis and poor prognosis. Further studies are required in order to investigate the possible mechanism underlying the effects of TNFAIP8 on metastasis and prognosis of gastric adenocarcinoma.
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![Analysis of TNFAIP8 expression using immunohistochemical staining (magnification, ×400). Immunohistochemical staining was performed in gastric adenocarcinoma *in situ* tumor tissue samples, metastatic lymph node tissue samples and adjacent normal gastric mucosa samples. The tumor cells with yellow or brown granules were considered to be positively stained. Representative results are shown. (A) TNFAIP8 expression in gastric adenocarcinoma *in situ* tumor tissue samples. (B) TNFAIP8 expression in metastatic lymph node tissue samples. (C) TNFAIP8 expression in adjacent normal gastric mucosa samples. TNFAIP8, tumor necrosis factor-α-induced protein 8.](etm-12-01-0238-g00){#f1-etm-0-0-3327}

![Comparative bar graph of TNFAIP8 expression in primary lesions and associated metastatic lymph nodes. (A) The incidence of high TNFAIP8 expression was significantly higher in metastatic lymph nodes compared with primary lesions (\*P\<0.05). (B) The incidence of low TNFAIP8 expression was significantly higher in the primary lesions of patients with lymph node metastasis compared with patients without lymph node metastasis (\*P\<0.05). LNM, lymph node metastasis; TNFAIP8, tumor necrosis factor-α-induced protein 8.](etm-12-01-0238-g01){#f2-etm-0-0-3327}

![Survival curve of patients with gastric adenocarcinoma. Survival of patients with gastric adenocarcinoma and high or low TNFAIP8 expression was analyzed using the Kaplan-Meier method. The Kaplan-Meier survival curve is displayed. The differences in survival time were analyzed by Log-Rank test. Overall survival rates between patients with high and low TNFAIP8 expression were significantly different (P\<0.05). TNFAIP8, tumor necrosis factor-α-induced protein 8.](etm-12-01-0238-g02){#f3-etm-0-0-3327}

###### 

Correlation of TNFAIP8 expression with clinical and pathological characteristics of gastric adenocarcinoma patients.

                                        TNFAIP8 expression                               
  ------------------------------- ----- -------------------- ------ ---- ------ -------- ---------
  Total cases                     106   50                   47.2   56   52.8            
  Gender                                                                        1.500    0.221
    Male                          70    36                   51.4   34   48.6            
    Female                        36    14                   38.9   22   61.1            
  Age (years)                                                                            
    ≥60                           74    34                   45.9   40   54.1   0.147    0.701
    \<60                          32    16                   50.0   16   50.0            
  Pathological grading                                                          4.413    0.110
    Well differentiated           14    3                    21.4   11   78.6            
    Moderately differentiated     24    13                   54.2   11   45.8            
    Poorly differentiated         68    34                   50.0   34   50.0            
  Tumor size (maximum diameter)                                                 0.482    0.488
    ≤5.0 cm                       31    14                   45.2   17   54.8            
    \>5.0 cm                      75    37                   49.3   38   51.7            
  Vascular invasion                                                             9.974    0.002
    Yes                           66    39                   59.1   27   40.9            
    No                            40    11                   27.5   29   72.5            
  CA72-4                                                                        22.718   \<0.001
    ≤6.9 KU/l                     47    10                   21.2   37   78.7            
    \>6.9 KU/l                    59    40                   67.8   19   32.2            
  Lymphatic node metastasis                                                     9.133    0.003
    No                            60    36                   60.0   24   40.0            
    Yes                           46    14                   30.4   32   69.6            
  TNM stage                                                                     15.222   \<0.001
    I and II                      27    4                    14.8   23   85.2            
    III                           41    24                   58.5   17   41.5            
    IV                            38    22                   57.9   16   42.1            
  Tumor stage                                                                   13.151   0.001
    T1-T2                         28    5                    17.9   23   82.1            
    T3                            44    25                   56.8   19   43.2            
    T4                            34    20                   58.8   14   41.2            

TNFAIP8, tumor necrosis factor-α-induced protein 8; TNM, TNM Classification of Malignant Tumours; CA72-4, carbohydrate antigen 72-4.

###### 

Single-factorial survival analysis.

  Variable                    χ^2^     P-value
  --------------------------- -------- ---------
  Gender                      0.395    0.530
  Age                         0.079    0.779
  Tumor size                  2.154    0.142
  Vascular invasion           1.009    0.315
  CA72-4                      15.794   \<0.001
  Lymphatic node metastasis   9.117    0.003
  TNM stage                   55.954   \<0.001
  Invasive depth              47.830   \<0.001
  TNFAIP8 expression          9.918    0.002

TNFAIP8, tumor necrosis factor-α-induced protein 8; TNM, TNM Classification of Malignant Tumours; CA72-4, carbohydrate antigen 72-4.

###### 

Multivariate survival analysis.

                              95% CI for RR                                      
  --------------------------- --------------- -------- --------- ------- ------- -------
  Age                         0.233           0.958    0.328     1.262   0.792   2.012
  Gender                      −0.592          4.417    0.063     0.565   0.345   0.925
  Lymphatic node metastasis   −0.480          2.530    0.112     0.619   0.343   1.118
  CA72-4                      −0.587          3.728    0.054     0.556   0.306   1.009
  TNM stage                                   35.621   \<0.001                   
  TNM (I, II vs. IV)          −2.173          29.807   \<0.001   0.114   0.052   0.248
  TNM (III vs. IV)            −1.792          26.792   \<0.001   0.167   0.085   0.328
  TNFAIP8 expression            0.552         4.751    0.029     1.736   1.057   2.851

TNFAIP8, tumor necrosis factor-α-induced protein 8; TNM, TNM Classification of Malignant Tumours; CI, confidence interval; RR, relative risk.
